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CONVERSION FACTORS

For the convenience of those who prefer SI (Inter 
national System of Units) rather than the inch-pound system, 
conversion factors for terms used in this report are listed 
below. Constituent concentrations are given in mg/L 
(milligrams per liter) or yg/L (micrograms per liter), which 
are equal to parts per million or parts per billion, 
respectively. Specific conductance is expressed as ymho/cm 
(micromhos per centimeter at 25 degrees Celsius). Conver 
sion of °C (degrees Celsius) to °F (degrees Fahrenheit) is 
based on the equation, °F=(°C)(1.8)+32. Water temperatures 
are reported to the nearest 0.5 degree.

Multiply inch-pound unit

acre 4047 
acre-foot (acre-ft) 1233 
cubic foot per second 0

(ft3 /s) 
inch (in. ) 
foot (ft) 
foot squared per day

(ft z /d)
gallon per minute (gal/min) 
micromho per centimeter

(ymho/cm) 
mile (mi) 
million gallons per day

(Mgal/d) 
square mile (mi 2 )

25
0
0

0
1

1
0

02832

40
3048
0929

06309
000

609
04381

2.590

To obtain SI unit

square meter
cubic meter
cubic meter per second

millimeter
meter
meter squared per day

liter per second 
microsiemens per

centimeter 
kilometer 
cubic meter per second

square kilometer

IV



GROUND-WATER CONDITIONS IN THE EASTERN PART OF 
MICHAUD FLATS, FORT HALL INDIAN RESERVATION, IDAHO

By 
Nathan D. Jacobson

ABSTRACT

The Michaud Flats study area occupies about 20 square 
miles on the Snake River Plain in southeastern Idaho. 
Ground-water resources underlying the Flats are substantial 
and are extensively developed for irrigation and industrial 
uses. Ground water occurs under both confined and uncon- 
fined conditions. The more productive wells are completed 
in the pediment gravel and the basalt flows of the Big Hole 
Basalt and Starlight Formation and the sand and gravel of 
the Sunbeam Formation; the wells are artesian and heads 
are below land surface. A few shallow domestic wells are 
completed in the water-table aquifer in the Michaud Gravel.

Historically, high levels of arsenic and other minor 
elements were observed in water sampled from several wells 
completed in the shallow aquifer. In most wells and springs 
sampled during this study, levels of arsenic and other minor 
elements were within limits recommended by the U.S. Environ 
mental Protection Agency. Heavy metal concentrations were 
highest in one well completed in the shallow aquifer, and 
the concentration of arsenic exceeded the recommended 
limits. There is some evidence that arsenic, as well as 
several other minor elements, may occur in above-normal 
levels naturally in local ground waters.

Ground water used for irrigation generally has a low 
sodium-adsorption ratio and can be used on almost all soils 
with little danger of developing harmful levels of exchange 
able sodium. All the irrigation waters sampled have a 
medium to high salinity hazard, and caution should be used 
when applying these waters on poorly drained soils.



INTRODUCTION

This report describes the first of a two-phase study 
that is being made by the U.S. Geological Survey, in cooper 
ation with the Shoshone-Bannock Tribes of the Fort Hall 
Indian Reservation. The study was initiated because the 
ground water, at least in one well in the Michaud Flats 
area, has been degraded in quality to the point that it is 
unusable. Tribal water managers are greatly interested in 
determining the cause and extent of the degradation.

The first phase of study is to describe current geo- 
hydrologic and water-quality conditions in the vicinity of a 
large industrial complex that processes phosphate ores in 
the eastern Michaud Flats area on and near the Fort Hall 
Reservation.

The second phase is to evaluate alternative management 
strategies for controlling or eliminating ground-water 
contamination in the aquifers that underlie the Flats.

Michaud Flats includes more than 50 mi 2 on the Snake 
River Plain in eastern Power and northwestern Bannock 
Counties, Idaho (fig. 1). The Flats are bounded on the 
north by American Falls Reservoir, on the east by the 
Portneuf River, on the west by Rock Creek, and on the 
south by foothills of the Deep Creek Mountains and Bannock 
Range.

Land-surface altitudes in the area range from more than 
4,650 ft NGVD (National Geodetic Vertical Datum of 1929) on 
the foothills west of Pocatello to less than 4,355 ft NGVD 
on the Fort Hall Bottoms on the flood plain of the Portneuf 
and Snake Rivers. All streams that drain the bordering 
mountains are intermittent and flow northward to the Snake 
River.

Relatively level farmland characterizes the area. 
Irrigation water is supplied from wells and canal systems of 
the Michaud Project and from privately owned wells. Ground- 
water resources underlying the Flats are substantial and 
are extensively developed for irrigation and industrial 
uses.

Descriptions of geohydrology and water quality in this 
report focus on a 20-mi 2 area, within which is located the 
industrial complex. The complex comprises two firms. One 
is a plant that produces dry and liquid fertilizers from 
phosphate ore and manufactures gypsum and phosphoric 
acid. The other includes a plant that produces elemental 
phosphorus.
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Figure I.  Index map of Idaho showing location of study area.



Together, these firms are the single largest users of 
ground water in the area. In their processing activities, 
the plants necessarily create large volumes of industrial 
wastes, which must be disposed.

The fertilizer plant has 213 acres of retention ponds 
and sludge areas at eight sites. All of the ponds are 
lined. An impoundment pond receives about 1 Mgal/d of 
treated waste water, which is distributed as irrigation 
water to local farmers. The phosphorus plant maintains 22 
acres of holding and evaporation ponds. Only two of its 
ponds (about 10 acres) are unlined. Its other ponds are 
lined with clay or plastic. About 1.5 Mgal/d of treated 
water is returned, under permit, to the Portneuf River.

Objectives and Approach

Specific objectives of this phase of the study are to: 
(1) Describe the geologic framework as related to the 
ground-water system, (2) describe the classification of soil 
units, (3) define the occurrence and movement of ground 
water in the area to arrive at a better understanding of the 
degree and extent of existing or potential pollution, and 
(4) periodically sample and analyze water from selected 
wells and springs in Michaud Flats.

The approach to the study includes: (1) Describing the 
geologic units and constructing a fence diagram showing the 
extent of the aquifers and their confining layers, (2) 
describing the soil units and their engineering properties, 
(3) constructing a contour map of the potentiometric surface 
of the aquifer and a hydrograph depicting fluctuation of the 
water table, and (4) obtaining samples from selected wells 
and springs for chemical and isotopic analyses.
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Well- and Spring-Numbering System

The numbering system used by the Geological Survey in 
Idaho indicates the location of wells or springs within the 
official rectangular subdivision of the public lands, with 
reference to the Boise base line and meridian. The first 
two segments of the number designate the township and 
range. The third segment gives the section number, followed 
by three letters and a numeral, which indicate the h section 
(160-acre tract), the \-\ section (40-acre tract), the h~h-% 
section (10-acre tract), and the serial number of the well 
within the tract, respectively. Quarter sections are 
lettered A, B, C, and D in counterclockwise order from the 
northeast quarter of each section (fig. 2). Within the 
quarter sections, 40-acre and 10-acre tracts are lettered in 
the same manner. Well 6S-33E-12DAD1 is in the SE^NE^SE^ 
sec. 12, T. 6 S., R. 33 E., and is the first well inven 
toried in that tract. Springs are designated by the letter 
"S" following the last numeral; for example, 6S-34E-7ACA1S.

GEOLOGIC UNITS AND THEIR WATER-BEARING CHARACTERISTICS

For the purposes of this study, the rocks in the area 
are grouped into units of Tertiary and Quaternary age. 
Table 1 gives a generalized description of the geologic 
units and their water-bearing characteristics. Figure 3 is 
a fence diagram drawn using drillers 1 logs of wells and 
depicts the general geohydrologic conditions in Michaud 
Flats. The American Falls Lake Beds appear to be continuous 
and overlie the Sunbeam Formation, with the exception of 
well 6S-33E-14DCD1. Data are insufficient to determine if 
the absence of the American Falls Lake Beds in the log for 
well 6S-33E-14DCD1 indicates the presence of a fault along 
the southern part of the area or if it is due to the lack of 
a detailed driller's log from the well. Additional subsur 
face data are needed to determine whether the Lake Beds are 
actually absent in the stratigraphic section in this part of 
the area.

SOIL UNITS AND THEIR ENGINEERING PROPERTIES

Soils in the vicinity of Michaud Flats were mapped by 
McDole (1977). For the purposes of this study, some soil 
series are combined and are shown in figure 4. Soils in the 
study area are either one of two general types; those that 
are well drained and those that are poorly drained. The 
well-drained soils occupy the alluvial fans and terraces and 
are of loam and silt-loam. The poorly drained soils are on 
the low terraces and along stream bottoms. They are silt-
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EXPLANATION 
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loam, limy, and alkaline. Generally, hydraulic conductivity 
is moderate and the available water capacity is high. Other 
physical properties of the major soil series are shown in 
table 2, and their generalized features and limitations for 
agricultural and engineering uses are shown in table 3.

HYDROLOGIC FRAMEWORK

Ground water occurs in virtually every geologic unit in 
the study area. Water is contained in voids, fractures, 
joints, and interflow zones in basalt and in interstitial 
spaces in sand and gravel. The more productive aquifers are 
the pediment gravel, the basalts of the Big Hole Basalt and 
Starlight Formation, and the sand and gravel of the Sunbeam 
Formation.

Ground water occurs under both water-table (unconfined 
system) and artesian (confined system) conditions. Shallow 
domestic wells on Michaud Flats generally are completed in 
the Michaud Gravel and tap water under unconfined condi 
tions. The deep irrigation wells penetrate the confining 
layers of the American Falls Lake Beds and tap water under 
artesian conditions. Water levels in wells completed in the 
different aquifers seem to have similar heads. If the 
water-table head is greater than the artesian head, water 
could possibly move downward to the artesian system. Any 
head difference that might occur between the shallow and 
deep aquifer systems was not determined because shallow and 
deep wells completed close together were not available to 
make comparative measurements.

Several additional wells completed in the unconfined 
aquifer would allow measurements of head differences 
between the two systems. These measurements are needed to 
determine direction of vertical water movement which could 
occur through the confining beds. Additional wells also 
would allow better definition of the nature and extent of 
possible contamination in the unconfined aquifer.

The ground-water system is recharged by infiltration 
of water from intermittent streams that drain the mountains 
south of the area, and to a lesser degree, by precip 
itation, both within the area and on rock outcrops of the 
Starlight Formation in the foothills south of the Flats. 
Some recharge occurs as underflow from the Portneuf River 
above the gage at Topaz, which was reported by Stearns, 
Crandall, and Steward (1938, p. 139) to be about 50,000 
acre-ft/yr. Some recharge also occurs, at least in the 
shallow aquifer, as percolation of applied irrigation water 
and leakage from canals. The Michaud Irrigation Project

11



Table 2. Major soils series and their physical properties

(Depth to bedrock for all soil series is greater than 5 ft; >, greater than) 
(Modified from McDole, 1977]

Soil series

Seasonal 
high-water U.S. 
table below Department of Liquid 
land surface Agriculture limit 
(ft NGVD) texture (percent)

coarse sand

loam, loamy 
coarse sand, 
and sand

loam

sand and 
coarse sand

and fine, 
sandy loam

loam

and gravelly 
coarse sand

2-4 Silt loam 20-35

>5 Silt loam 20-30

Light, silty 35-45 
clay loam

Mucky silt 40-50 
loam

>5 Silt loam 25-35

>5 Silt loam 20-30

l-s-4 Heavy silt 35-50 
loam and 
silty clay 
loam

>5 Stratified 20-30
loam, silt 
loam, sandy 
loam

sand and 
sandy loam

and sand

>5 Silt loam 20-30

Available 
water 

Hydraulic capacity 
conductivity of soil 

(in./hr) (in. /in.)

0.6-2.0 0.14-0.16

>20 .03- .05

2.0-6.0 .11- .13

6.0-2.0 .08- .10

6 *) A ID O A

6.0-2.0 .05- .07

.6-2.0 .13- .15

6 *) A ID "J A

>20 .04- .06

6 _ O A 1 D_ OA

2 C i A_ *5 1

.6-2.0 .25- .30

.6-2.0 .18- .20

.6-2.0 .40- .50

.6-2.0 .25- .35

6 _ O A 1 Q. 0 1

6   O A 1O O1

A£ O 1 Q O1

6  1 A 1D_» 1 A

6.0-2.0 .07- .09

2.0-6.0 .06- .08

6.0-2.0 .04- .06

6 _ O A 1 O. O 1

PH

7.9-8.4

B e ft A

7 A O A

7 A D A

7 O. D A

7 A *T O

7 A Q a

B e A A

7.9-9.0

7 ft O j

6.6-7.3

6.6-8.4

6.6-7.3

6.6-8.4

7 O_Q £

6.6-9.0

7.9-9.0

6 C. O A

7 A_O A

7 *1 "7 D

7 A D A

Salinity

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

( }

-do-

-do-

-do-

-do-

-do-

-do-

Shrink- 
swell 

potential

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

-do-

High

-do-

-do-

-do-

-do-

-do-

-do-

Potential 
frost 

action

Do.

Do.

LOW.

High.

High.

High.

DO.

High.

Do.

Do.

None to a depth of 24 in., moderate below 24 in.
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canal (fig. 5) traverses the study area to distribute water 
from the Portneuf River to the south and west of Michaud 
Flats. Average flow in the canal during the irrigation 
season is 150 ft 3 /s. Estimated loss to ground water from 
the canal is about one-third of its flow, or about 50 ft 3/s 
(A. Oliver, U.S. Bureau of Indian Affairs, oral commun., 
1981).

The general direction of ground-water movement in the 
artesian system can be inferred from the potentiometric- 
surface map (fig. 5). Movement is down the hydraulic 
gradient and roughly perpendicular to the contours, from 
areas of high head to areas of low head. Direction of 
movement is to the north and northwest, and in the vicinity 
of the Portneuf River, to the northeast. The position of 
the potentiometric surface in spring 1981 is shown in figure 
5. Not enough is known about gradients in the water-table 
aquifer, if a continuous one exists, to determine the 
direction of ground-water movement. Depth-to-water data in 
wells are shown in table 4. Over most of Michaud Flats, the 
potentiometric surface has a flat gradient. Hydraulic 
gradients range from 1.0 to 5.0 ft/mi. A cone of depression 
due to pumpage is apparent near the southeastern part of the 
study area in the vicinity of the industrial plants, where 
ground water moves toward the pumping wells.

Ground-water discharge from Michaud Flats occurs as 
spring flow, underflow west out of the area and north to the 
American Falls Reservoir, seepage into the Portneuf River, 
and pumpage from wells. Spring discharges are shown in 
table 5. Goldstein (1981) estimated the total ground-water 
discharge from Michaud Flats to be 180,000 acre-ft/yr.

A seepage study made in fall 1980 on the Portneuf 
River below the gage at Pocatello showed a gain of about 
560 ft 3 /s along the reach. This figure includes about 290 
f t 3 /s of spring discharge measured in November 1980 (table 
5). At the time of the seepage study, the discharge re 
corded at the nearest gaging station, Portneuf River at 
Pocatello (13075500) about 7 mi upstream, was 273 ft 3 /s. 
At the beginning of the seepage study reach, discharge was 
about 260 ft 3 /s, and essentially no water is gained or 
lost in the first 7 mi below the gage. Some of the gain is 
ground-water discharge from east of the Portneuf River. 
Ground water from Michaud Flats is probably about half of 
the measured gain minus spring discharge, or about 140 
ft 3 /s. Assuming that ground-water discharge is relatively 
constant year round, on the basis of the seepage measure 
ments, about 427 (290+137) ft 3 /s, or 309,000 acre-ft/yr of 
ground water is discharged from Michaud Flats. Also assum 
ing that annual ground-water pumping is relatively constant,
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Table 5. Data from springs
[--, no data available]

Spring No.

5S-33E-26CAD1S

5S-33E-26DAD1S

5S-33E-27AAD1S

5S-33E-27ACB1S

5S-33E-35BAD1S 

5S-33E-36BAD1S 

5S-33E-35CAB1S

5S-33E-36CAC1S

6S-33E- 1ADD1S

CC "3*31? 1 Q R A 1 G

6S-34E- 7ACA1S

Spring name

Wide Creek

Poongrah

Jimmy Drinks

Dunn

Tindaha 

Willow 

Wide Creek East

Twenty Springs West

Papoose 

Siphon Road 

Batiste

Altitude 
(ft)

4,359

4,359

4,356

4,362

4,364

4,368

4,358

4,370 

4,380 

4,390

Date 
measured

5-22-80 
7-21-80 
9-17-80 

11-13-80

11-11-80

3-27-80 
5-22-80 
7-21-80 
9-17-80 

11-13-80 
1-13-81

11-11-80

11-11-80 

11-11-80

11-11-80

11-11-80

11-11-80 

11 i T on-LI JL J o U

3-27-80 
11-11-80

Discharge 
(ft 3 /s)

49.5 
46.5 
45.6 
54.6

24.3

104 
103 
119 
120 
149 
122

.25

.57 

.36 

.56

3.75

30.4

20.7 
27.8
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on the basis of a withdrawal for irrigation of 44,700 
acre-ft/yr (Balmer and Noble, 1979) and a withdrawal of 
7,200 acre-ft/yr for industrial use, total pumpage from 
Michaud Flats is 51,900 acre-ft/yr. Using the above esti 
mates, ground-water discharge from pumpage and seepage loss 
to the Portneuf River is about 361,000 acre-ft/yr. Natural 
ground-water discharge and pumpage probably will vary from 
year to year, but the above figures should be in the correct 
order of magnitude on an average annual basis.

Hydraulic characteristics of the artesian aquifer were 
determined from an aquifer test by Goldstein (1981). The 
test was conducted using well 6S-33E-4BBA1 as the production 
well and well 5S-33E-34ADD1 as the observation well. These 
are irrigation wells completed in the artesian aquifer. The 
pump test lasted 3% hours, pumping 988 gal/min. At the end 
of the test, the water level had been drawn down 1.44 ft in 
the observation well. Goldstein (1981) reported a transmis- 
sivity between 228,000 and 281,000 ft 2 /d and a storage 
coefficient of about 0.002.

A hydrograph of U.S. Geological Survey observation well 
5S-33E-35CCD1, completed in the unconfined system (fig. 6), 
indicates that, over the last 25 years, the water level at 
this location has declined slightly. Historic measurements 
of the potentiometric surface are not available for most 
wells completed in the confined aquifers.

Potentiometric heads in seven wells completed in the 
confined aquifer were measured in the 1950's and again in 
1981. Water levels in wells 6S-33E-11ACA1, 6S-33E-11DBD1, 
and 6S-33E-15DCA1 were unchanged or nearly so, whereas 
declines of about 2 to 5 ft are apparent in water levels in 
wells 5S-34E-34ADD1, 5S-34E-34CBC1, 6S-33E-15DCC1, and 
6S-33E-21BCB1.

GROUND-WATER QUALITY

High levels of arsenic were first detected in well 
6S-33E-12DAD1 in October 1972 (Balmer and Noble, 1979). 
Subsequently, from October 1972 to October 1973, the Idaho 
Department of Health and Welfare conducted a study of 
arsenic concentrations in wells 6S-33E-12DAD1, 6S-33E- 
12CCD1, and several wells owned by the fertilizer and 
phosphate plants. Arsenic concentrations in all the wells 
exceeded the recommended limit (U.S. Environmental Protec 
tion Agency, 1977) of 50yg/L several times during the 
study. Well 6S-33E-12DAD1 ultimately was condemned by the 
State in 1976.
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Goldstein (1981) continued monitoring minor elements 
and radionuclides in wells 6S-33E-12DAD1, 6S-33E-12CCD1, 
6S-33E-2DAC1 , and in Batiste, Willow, Swanson Road, and 
Papoose Springs (table 5) from November 1977 to November 
1978. Wells for the phosphate and fertilizer plants were 
not included in Goldstein's study. Goldstein (1981) re 
ported concentrations of arsenic ranging from 10 to 30 
yg/L and cadmium ranging from 1 to 3 yg/L in Batiste, 
Willow, and Swanson Road Springs and in wells 6S-33E-12DAD1 
and 6S-33E-12CCD1.

Water samples were collected for chemical analyses from 
4 retention ponds, 20 wells, and 5 springs. Samples were 
obtained from both the water-table system and the artesian 
system. The results of the analyses are shown in table 
6.

Recommended upper limits of arsenic concentrations in 
drinking water were exceeded in water from well 6S-33E- 
12DAD1, which had a concentration of 62 yg/L. Analyses 
from well 6S-33E-14DCD1, the only well upgradient of 6S-33E- 
12DAD1, are being used as indicators of background water 
quality. The arsenic concentration in well 6S-33E-14DCD1, 
however, was 17 yg/L, which seems high. It was exceeded 
only by that in well 6S-33E-12DAD1. This seems to indicate 
that arsenic may occur naturally in relatively high levels 
in local ground waters. Evidence supplied by only one well 
is not sufficient to prove this occurrence, so additional 
chemical analyses -of ground water upgradient from potential 
sources of contamination are needed.

Selenium concentrations obtained during the initial 
sampling round from well 6S-33E-12CCD1 and Twenty Springs 
West were 4 yg/L. The concentrations are more than or 
equal to selenium concentrations in the industrial retention 
ponds, with the exception of the fertilizer decant pond. 
If the ponds were a source of selenium, they would have 
higher concentrations than the wells because of the diluting 
nature of ground water and the areal dispersion of any 
potential contaminant. Also, if the pond water were 
the source of the selenium, higher concentrations would be 
in the wells located between the fertilizer decant pond and 
Twenty Springs West.

Nutrients of most interest to irrigators and farmers 
are orthophosphate (PO,,), ammonia (NHi+ ), and nitrogen 
(NO 2 +NO3 ). Concentrations of orthophosphate ranged from 
less than 0.01 to 71 mg/L in the wells and less than 0.01 to 
0.06 mg/L in the springs. Ammonia concentrations ranged 
from less than 0.01 to 1.3 mg/L in the wells and averaged
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Table 6. Chemical analyses of water from selected ponds, wells, and springs

Specific conductance; (UMHOS) - micromhos per centimeter at 25°C 

Temperature; (DEC C) - degrees Celsius

Bicarbonate and Carbonate; FET-FLD - end-point titration method;
field determination

Other Notations; UG/L - micrograms per liter 
PCI/L - picocuries per liter 
PER MIL - parts per thousand 
< - less than

- no data available

SAMPLE SITE NAME 
OR NUMBER

HLANl
UECANf

34E 0/CtJAl

Uob 3J 
pHubPrlAft PUislU NO. 3

PLAN!
JJt

Oob J3£ OlCOtU
oub JJtL
uob JJE
onb 3Jt 12CC01

Obi J-lL
Obb JJt ItAAAl
obb JJE l**uCIJi
obS J3£ 1'JuCiJi
ubS J-+t OuCHCi

Jb a Jt£ U )UAA1
ubS 34fc. 0 7Afli>l

u o 5 3 4 E 0

JIMMY

REFERENCE
NO. 

(SEE FIG, 7)

1
2
3
4
5

6
7
8
9

10

11
12
13
14
15

16
17
18
19
20

21
22
23
24
25

26
27
28
29

DATE
OF

BO-12-Oo 

HU-12-Od 

(40-12-09

80-12-09 
BU-12-0*

rtO-12-lfl

«U-12-17 
dJ-12-il 
bO-12-10

00-12-09 
HO-12-11

bJ-12-H 
bO-12-li

ou-12-11 

rtO-12-11

bO-12-17 
Bu-ld-17 
bu-12-17

TIME

IbOO 
lu Jo

130U

IbOU 
170u

1100 
0*10 
Io3o

iDOO 
1000 
1 040 
OblD
louO

1300 
ItOO 
1^00

1430
1313

SPE 
CIFIC 
COM- 
OUCT-

(JMHOS)

1156
597

519

2233

437 

IbOS

437
430' 

1103'

bid

67B 
630 
747 
449 
b57

456.
1099
4t)7

472

»H TEMPErt-

(JN1TS) (DEG C)

a. 5
1.7
7.2
7.6
7.0

7.5
6.4
5.9
7.9
' 9 tt

7. a
a.i
7.9
7.3
7.3

7.7
7.8
7. a
7.4
7.7

7.7
7.b
7.7
7.9
7.6

7. a
7.6
7.9
a.o

10.3
3.0

12.0
13.3
1*.5

14.0
i.o

12.5
7.3

11.0

11.5
11.5
11.0
a. 5

lb.0

12.3
12. b
15.5
6.b

10.0

10.0
12.5
13. u
lU.3
13.5

11.0
10.3

11.0
11.0
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Table 6. Chemical analyses of water from selected ponds, wells, and springs Continued

UATE
ot-

SAIPLE

00-12-OH
oO-12-o*
dO-12-Od
bO-12-0*
dO-12-0*

00-12-09
du-12-0*
oO-12-O*
00-12-12
dO-12-ld

ol-Oi-12
00-12-17
00-12-11
UO-12-10
oO-12-O*

cl 0-12-0*

bO-l<i-ll
bO-12-ll
00-U-ll
00-12-11

HAr<U-
'jfcibS
(Mo/L
Ab

C A C 0 3 )

330

3600
 +00

22o
3bo

<?UO
OH

1 JO
1*0

£dO

1 00

1 70
1 bu
300

320

Ido
1 /o
1/0
 »*0

230

HArtD-
jLSS»

isONCAH-
tilHATt

(MG/L
CACU3)

3JO
3dOO

1<?0
to

130

36
0

3t
10

0

J£
31
32

J<iO
0

J£
3*

b
1 70
23

CALCIUM
1>I3-

bULVED
(Mb/L
AS CA)

*f
Iduo
llu

bo
*0

33
14
JO
b2
ob

*/
*<*

Hb
1<*0

bf

47
<+f
<t2

130
b/

MAGNE
SIUM*
UIS-

SOLVEL)
(MG/L
AS H 13 )

27
200

31
Id
31

lo
12
13
Ib
2d

lo
Ib
Ib
51
3*

15
U
15
3*
21

00-12-11 
.10-12-11 
00-12-11 
dO-12-11

bO-12-17 
dO-12-17 
00-12-17

JoJ

0
3u 
0

Id
l/o
lo

ol
dH

11

ID 
35 
15 
Ib

U15-

NA)

J4

la

1 JO

di

57

lo
do

JIUM 
AU- 
 <P- 

lOvl 
riO 3|

 ».*

3.d

l.b
i. J
1.4

1.1
L£
3.4

.6
<i.3

.b

. /

.7
£.b
3.2

, 1
.1
.d
. d
.0

1.1
1.4

1.3

. b
1 ,3

  b
2.0
.0

.b

POTAS- BICArt- 
SIU*ii dONATE CAR- L
ois- FET-FLD dONAfE
SOLVED (MG/L F£T-F L Q 

iRCE^T (M3/L AS (HQ/ u l
iOL»IJv(

30

30
27
.10
27

^6
24
30
1 7
40

1*
ai
t*
Jb
36

25
«:!
23
13

20

25
10
Jl
17
2d

17
J4
1*
Id

AS K)

12
250

d.3
h.b

11

o.3
1300
<tbo

3.*
6.7

3.3

3.b
3.b
1 .4

1*0

5.4
.0

d.b
3.2
4.4

7.5
3.7

7.2
3.7
3.7

3.4
4. *
3.6
3.3

MC03) AS C03)

120
--

3f 0
220
240

200
<»30

120
220
370

IdO
1 70
IdO
2*0
470

lb()
IbO
200
3*0
250

3oO
35o
370
220
330

210
230
200
200

14
...
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0

AL<A-
.iNirr
FIELD 
(M3/LI 
AS

CAC03)

122
0

279
IdO
197

154
35*
9H

130
303

148
139
ltd
23d
3d5

I4b
131
154
320
205

295
237
303
130
271

172
MO
164
164

SJLFATE 
DIS 
SOLVED 
(Mii/L

AS S04)

630
5000
200
79

120

50
850
3*0
3d
90

<»b
46
*7

150
150

4d
41
20
3d
30

49
46
49
3d
42

36
100
42
42

27



Table 6. Chemical analyses of water from selected ponds, wells, and springs Continued

DATE
Uf

SAMPLE

bO-12-ob
60-12-09
bO-12-wb1
bO-12-09
fO-12-09

bO-l<i-09
bO-12-09
00-12-09
00-12-12
00-12-18

b 1-0 1-1 2
dO-12-17
oO-12-ll
aO-12-10
bO-12-09

dO-12-09
00-12-11
00-12-11
bO-U-11
OO-U-ll

00-12-12
bO-12-11
00-12-11
oO-l*-ll
bO-12-11

oO-l(i-ld
dO-12-l I
00-12-17
bO-12-lf

CMLO-
PIOE»
DIS
SOLVED
(MlJ/L
AS CD

loo
/o
4/
33

l«:u

Jo
l*u
110
16
b9

10
dd
20

Jc:o
IbO

29
20
3«!

100
23

dO
sL*
dd
if
2t

I*

I3o
Ib
£0

SOLIUSi SOLUS.
FLUO- SILICA* RESIDUE SUM up ^ITUO-
HIDEt UlS- AT IdO CONbU- GEJ
DIS- bOl.VED DE(». C TUEiMTst )IS-
SbLVED (I1G/L DIS- JJa- SOLVED
MG/L AS SOLVED S-JLVED MG/L
AS F) Sll)2) (M(i/L) ClbXL) AS N)

2.3 ol 1220 1^00 OJ
1.4 15200 /73u 34

. ( Jo , 591 /03 l.o

.9 iO 37J J>0 1.4
4J 604 bol <i.j

,H JM JjO J-*/ 1.0
l.o 43bO 2^30 2o
£.3 201 Ici3o 33

.7 e!3 273 cibi I./

.4 JO 57O 3/3 2,0

.b db 273 cibJ 1.5

. ? db ^3^ eloo 1 . J

.b ^7 2be: i71 1.1

.0 <»o lObO lovo 5.7
70 1020 I02o 3./

1.1 J£ 279 <i^o 1 .1
.0 3d £30 siou .73
.4 3^ 290 J03 1 , 3

l.o 31 63* 044 12
.4 Jo 333 330 2.0

.3 Jl 421 t2d 3.0
,3 Jo <»1* 42o 2./
.2 J** 401 4be! 4,0

1.2 dl 270 £91 I.H
.3 33 ^OO t20 d, 1

. f 23 £90 dl ? 1 .*
,b JO   o<*i+ l.b
.6 «i/ 2HO d'iU 1.3
. 7 «ib 2«3 27^ 1 , /

28

oIlTRo-
GC.NI

OKGAiMTC
DIS

SOLVED
(VIG/L
AS N)

10".00

.37

.3d
1.2

.01
o.O
*.o
.57

1.1

.64

.52

. J5

.Hd

.40

.40

.ed

.57

. ^3

.iO

.bO
,bb
.74
.26
,b(i

.63

.55

.44

.60

VJIFKO-
GEN»

AMMONIA
DIS
SOLVED
M5/L
AS N)

39.0
35.0

.020

.030

.030

.020
19.0
23.0

.040

.040

.OaO

.030

.000

. 0 JO
1.30

.000

.000

.000

.0 JO

.ObO

.030

.040

.0/0

.000

.OaO

.060

.oaO

.070

.030

NlTrtO- NITRD-
GENi GENiAH-

AMMONIA M3NIA < 
DIS- ORGANIC'

SOLVED OIS.
(MG/L (MG/LI

AS :vJH4) AS N)

50 t9
45 34

.03 ,3?

.04 .^1

.06 1.2

.03 .53
24 27
30 32

.03 .61

.05 1.1

.10 .72.

.Oo .57

.00 .35

.04 .bl
I.I 1.7

.00 .40

.00 .23,

.00 ,57

.04 ,95.

.Ob ,9b

.Oo .35

.03 ,*2.

.09 .35-
,00 ,2b
.Od .63

.Od .69

.Ob .51

.09 .51

.06 .55'

NIT*>
GENi

N02+N33
DIS

SOLVED
(M3/LI
AS N)

14
.00

1.2
.37

1.1

.*2

.73

.77
1.1
1.7

.73

.58

.72
5.1
2.0

.67

.45

.93
11
1.8

2.1
1.3
3.1
1.1
2.0

1.2
1.2
.98

1.0

PHOS-
»HATE»
DRTHOi
OIS-
SULVEO
(MG/L

A5 P04)

29
29
2b

.«»

.49

50
^9
29

.00

.03

.03

.03

.00
71

.<**

,lb
.00
.03
.12
.03

.09

.03

.06

.00

.Ob

.00

.03

.00

.03



Table 6. Chemical analyses of water from selected ponds, wells, and springs Continued

PrlOS-
PHOS- CHrtO- SEL£-

OAFt
OF

SAMPLL

dO-12-Od
bO-12-09
bO-12-Od
bO-12-09
bO-12-0*

00-12-09
dO   12   09
d 0   1 2~ 0 9
bO-U-12
bo-12-ia

dl-0i-12
bO-12-17
dO-12-11
bO-12-10
ao-U-09

bo-u-oy
BO-12-11
dO-12-1 1
bO-12-11
00-12-11

fiO-12-12
dO-12-11
dO-12-11
BO-12-11
dO-12-il

bO-le!-lrt
bU-le!-l /
«0-l<i- 1 7
bO-U-17

PrtOHUbi
uis-
SOLVEU
(Mti/L
AS H)

4.00
aOO

3.10

 D.bO
H 0 . 0

, 3 ** 0

070
3«fO

,02o
.020

.040

.020

.040
1.-+0

130

.370

.040

.060

.1 JO

,02o

.040

.OJO

.040

.0 1 0

.030

. 02o

.Udu

.000

UWTMJi
iUb-

3(>L»/tU
(MG/L
AS P)

9.30

9.30

9 . 1 0

,ii90
, loo

l*.o
V.bO
9. bo
,000
.010

.olO

.010

. OoO
<f J, 0

.100

.000

.000

.010

.040

.010

.030

.olo

. 0£0

. OOo

.020

.000

.010

.000

.010

AKStNICDIS
SOLVED
(UC3/L
AS AS)

1
IbO

3
b

lo

1

12o
22

1
d

2
2
^
7

 *o

j
3

17
1
1

2
«:
3
ri
3

^
2
<i
2

dUHON* CADMIUM
UIS- OIS-

SOLVEO S:)LVtO
(U(i/L (JG/L
AS b) AS CU)

170 <;
1300 14000
120 <1
do <1

^dO <1

no <i
3>tOO doo
1400 100

aO < 1
1 <* 0 1

00 <1
OO <1

bo < 1
loO <1
yoo < i

40 <1
40 <1
40 <1

30 < 1

DO <i

yo <i
'JO <l

120 i
30 <1
yo <o

00 <1

120 1
00 1

60 <1

MlJMt
DIS-

SOLVtU
(UG/L
AS Cr<)

idOO
9100

lo
0

0

lo
c!bO

f(J
0

10

0
0
0
0
0

0
0

0
0
0

0

0

0
10

lo

0

(j
0
0

1RON»
OlS-

SJLVED
( Jt»/l.
AS F£)

^00
03000

< 10
< 1 0
bO

10
ftili
3HO
10
^0

30
dU

< I 0
-iO
^0

30
10

<1 0
< 1 0
20

< 1 0
< 1 o
< 1 u
10

<10

<10

10
< 1 0

< 1 0

LEAD*DIS
SOLVED
(JG/L
AS Pd)

<10
300
< 1 0
< 1 0
<10

<10
200
loo
34

1

1
4b

<10
<lo
< 1 0

< 1 0
< 10
< 1 0
<10
4d

1
1
0

<1 0

1
*b
43

3V

40

MERCURY
DIS

SOLVED
(UG/L
AS HS)

.1

.0

.1

.0

.1

.0

.3

.0

.0

.0

.0

.0

.0

.3
 *

.0

.2

.0

.0

. o

.0

.0

.0
  0
  o

.0

.0
  o
. o

DENIM i vJIJMt
OIS- DIS

SOLVED! SOLVED
(US/LI (OS/LI
AS M0>) AS S£J

<10 2
2BO 130
<1 0 2
<10 1
15 2

<10 1
23 2
12 2

<10 0
<10 1

< 1 0 0
< 1 0 0
<1 0 0
<10 4
51 1

10 0
<1 0 0
U 1

<1D 2
<10 0

<1 0 1
<1 0 1
<10 1
<1 0 0
<10 1

<1 0 0
12. 4

<10 0
<10 0

ZlNCt
DIS
SOLVED
(UG/L
AS ZN)

900
26000

<3
<3
<3

<3
47000
9200
290
160

20
60
<3

31o
<3

<3
270
400
90
80

130
<3
<3
60
<3

<3
<3
3

<3

29



Table 6. Chemical analyses of water from selected ponda, wells, and springs Continued

DATE
Or

SAMPLE
r '< L 1 1 j i
TOTAL
(KCi/L)

H-d/
n-1/

SFAHLL
IbJTDHE
KATIO
Pt-'i

MIL

o-la/
n-lb
STAdLE
ISOTJ3E
UATlu
PE*
MIL

dO-l^-Ub <£jd -117.0 -16.*
dO-lc:-0^ <^u -leJ7.U -lo.J
dO-ieJ-Ub <«iU -1J/.U -lo.O
faU-l«i-0^ <<ib -13b.U -la.ei
bO-loU* db -13*.0 -17.6

oU-lii-0^ j/ -lUc;,0 -Iti.b
dO-le!-0^ <co -i<;5«0 -l:>.y 
dU-l-d-12

dt>-i«i-ll <«;o -13*.a -itt.2
Bu-leJ-lU J4 -13<;.U -17.* 
dU-lii-U» 37 -13*.0 -17.0

dU-le:-Oy <^u -137,U -la.3 
bO-lti-11 <eiu -l3t),U -ld.1 
dO-lti-11 <dt> -1UJ.O -1«,0 
dO-l«i-ll 111) -13U.O -17.1 
au-li-ll

dU-l^-lci
dO-1^-11
dO-lti-11 3^u -Itip.O
dO-U-11 /o -131.u -17.5
dO-lti-H tfO -127.u -16.4

dO-ltf-ltJ IjO -iJl.u -17,2
bu-l^-W lio -131.0 -17.1
tiu-lei-17 dl -1J3.J -17.6
'KJ-lti-1/ *o -13&.0
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about 0.08 mg/L in the springs. Nitrogen concentrations 
ranged from 0.45 to 11.0 mg/L in the wells and averaged 
1.1 mg/L in the springs.

Concentrations of lead were high in the springs, and 
averaged about 48 yg/L. Concentrations of lead were 
highest in wells 6S-34E-6CBC1, 6S-33E-2DCA1, and 5S-33E- 
36CDC1 and range from 34 to 48 yg/L.

Water samples (table 6) from selected wells and springs 
were collected for analysis of tritium ( 3 H). Tritium 
content can be used as a means of determining how long a 
particular water may have been in storage in an aquifer, out 
of contact with tritium in the atmosphere. Tritium values 
obtained indicate a lengthy aquifer residence time, except 
for wells 6S-33E-14DCD1, 6S-33E-15DCD1, and 6S-34E-7ADA1, 
which may be influenced by mixing with younger waters, high 
in tritium, that infiltrate from Portneuf River, Michaud 
Creek, or Bannock Creek. High tritium content in Siphon 
Road Springs and Twenty Springs West indicates a short 
residence time in the spring system or mixing with younger 
recharge waters. Tindaha and Jimmy Drinks Springs probably 
discharge water from the deeper, confined system, which 
receives little, if any, recharge from younger waters.

Examination of the preliminary chemical data determined 
selection of wells and springs for a monitoring program. 
Four wells 6S-33E-1CDB1, 6S-33E-12CCD1, 6S-33E-12DAD1, and 
6S-33E-14DCD1 and two springs, Batiste and Willow, will be 
sampled periodically for major ions, nutrients, trace 
metals, and gross alpha and gross beta activity. A second 
round of sampling was completed in June 1981 and a third 
will be initiated in the fall of 1981. Sampling sites were 
selected on the basis of previous high concentrations of 
potential contaminants and effectiveness in monitoring areal 
distribution of pollutants.

Figure 7 is a diagram for the classification of ir 
rigation waters and a plot of the SAR (sodium-adsorption 
ratio) and specific conductance for waters in Michaud 
Flats. Experiments by the U.S. Salinity Laboratory Staff 
(1954) show that the SAR predicts reasonably well the degree 
to which irrigation water tends to enter into cation- 
exchange reactions in soil. High values for SAR imply a 
hazard of sodium replacing adsorbed calcium and magnesium, 
and this replacement is damaging to soil structure. With 
the exception of water in the plant ponds, all the water 
sampled has a low sodium range and can be used for irriga 
tion on almost all soils with little danger of developing 
harmful levels of exchangeable sodium. High salinity in 
irrigation waters is indicated by high specific conduct-
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Figure 7.  Classification of irrigation waters. 
(Numbers are reference numbers, Table 6) 
from U.S. Salinity Laboratory Staff, 1954]
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ance. Application of high salinity waters for irrigation 
can build an accumulation of salts in the soil and result in 
a failure of crops having a low salt tolerance. All the 
wells and springs have a medium- to high-salinity hazard, 
and caution should be exercised when using these waters on 
poorly drained soils.

SUMMARY

Michaud Flats occupies about 50 mi 2 on the eastern 
Snake River Plain in southeastern Idaho. Ground-water 
resources underlying the Flats are substantial and are 
extensively developed for irrigation and industrial uses.

Well-drained soils of loam and silt-loam occupy the 
alluvial fans and terraces. The basalt flows of the Big 
Hole Basalt and Starlight Formation and the sand and gravel 
of the Sunbeam Formation and pediment gravel are the most 
productive aquifers in the area.

Ground water occurs under both water-table and artesian 
conditions. It is recharged by infiltration from precipita 
tion, leakage from intermittent streams, ground-water 
underflow from adjacent areas, and deep percolation of 
irrigation water, both from canal leakage and excess water 
applied to the fields.

The general direction of ground-water movement in the 
confined aquifer system is to the north and northwest. The 
potent iometric surface has a low gradient. A cone of 
depression caused by industrial well withdrawals exists in 
the vicinity of the fertilizer and phosphorus plants. 
Water-level data obtained from shallow wells completed in 
the unconfined aquifer system were not sufficient to draw a 
water-table map for the study area.

Seepage information obtained in the fall of 1980 
on the Portneuf River shows the river to be a gaining 
reach through the study area.

Some degree of contamination is apparent in several 
wells completed in the water-table system. The deeper 
artesian system seems to be free of contamination; however, 
contamination potential exists. Wells that intercept both 
systems and are perforated in both could allow passage of 
potential pollutants to the artesian system from the water- 
table system. Contamination is also a possibility if the 
confining layer is not continuous and would allow leakage or 
percolation from overlying strata. Available data are not 
sufficient to determine sources of contamination, size of 
contaminant plume, and direction of movement.
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